Objective. The association between early age at menarche and depression among adolescent girls and adult women has been examined in many studies. However, inconsistent results and limitations such as small sample size, low generalizability, and measurement error exist. We aimed to address these issues to assess the association between age at menarche and depressive symptoms in a nationally representative sample of US women aged 18 years and older. Methods. We used the 2005-2016 National Health and Nutrition Examination Survey (NHANES) data with a total of 15,674 women aged 18 years and older included in our study. Logistic regression models were used after adjusting for sociodemographic and health-related factors. Results. The crude-adjusted model suggests that women with early age of menarche had 1.36 (95% CI [1.16-1.61]) times the odds of current depressive symptoms compared with the normal menarche group, after controlling for age, race/ethnicity, education, poverty income ratio (PIR) and marital status. In the fully-adjusted model, women with early menarche had 1.25 (95% CI [1.05-1.48]) times the odds of current depressive symptoms, after additionally adjusting for smoking status and body mass index (BMI). However, no significant difference was observed between the normal and late menarche groups. Conclusion. Further studies are warranted to determine the causal relationship and mechanisms between early menarche and increased risk of depression.
INTRODUCTION
Depressive disorders have become the third leading cause of the global disease burden (Institute for Health Metrics and Evaluation, 2018) , with an estimated of 322 million people suffer from depressive disorders in 2015 globally (World Health Organization, 2017) . A recent study from the US reported that 8.1% of adults aged 20 or older had depressive symptoms in any given two-week period during 2013 -2016 (Brody, Pratt & Hughes, 2018 .
Epidemiological studies in recent years have identified substantial gender-related differences in depression regarding prevalence, incidence, course, symptomatology and risk factors (Girgus & Yang, 2015; Parker & Brotchie, 2010) . Women are about twice as likely as men to be diagnosed with depressive disorders and much more likely to exhibit depressive symptoms than men. Such increased risk is particularly associated with women's reproductive years (Lokuge et al., 2011; Steiner, Dunn & Born, 2003) . Before puberty, depression rates remain similar between women and men. However, at menarche, women's bodies undergo a sudden change in the levels of estrogen and other sex steroids that are known to be associated with depression (Bloch et al., 2000; Deecher et al., 2008; Freeman et al., 2004; Sacher et al., 2010; Schmidt et al., 1998; Smith et al., 2004; Soares & Zitek, 2008) . Estrogen is likely one of the factors that leads to an increased risk of depression in women, in addition to environmental, psychosocial, behavioral, and psychological factors (Soares & Zitek, 2008; Steiner, Dunn & Born, 2003) , such as obesity (Luppino et al., 2010) and cigarette smoking (Paperwalla et al., 2004) .
Age at menarche is often used as a marker of female sexual maturation in epidemiological studies (Karapanou & Papadimitriou, 2010) . Early menarche commonly occurs at less than 12 years old (Boden, Fergusson & Horwood, 2011; Herva et al., 2004; Joinson et al., 2013; Joinson et al., 2011; Shen et al., 2017; Stice, Presnell & Bearman, 2001) , which has been associated with many health problems such as diabetes (He et al., 2009; Lakshman et al., 2008) , breast cancer (Collaborative Group on Hormonal Factors in Breast Cancer, 2012) , obesity (Prentice & Viner, 2013) , cardiovascular disease (Lakshman et al., 2009) , and psychological disorders (Kaltiala-Heino et al., 2003; Posner, 2006) . Furthermore, early menarche has been shown to be associated with younger age at first sexual intercourse and first childbirth (Udry, 1979) , which are known risk factors for depression (Gibbs et al., 2012; Jamieson & Wade, 2011) .
Multiple studies in the past decade have examined the association between early age of menarche and other markers of pubertal timing and increased risk of depression in adolescent girls (Alcalá-Herrera & Marván, 2014; Boden, Fergusson & Horwood, 2011; Galvao et al., 2014; Ge, Conger & Elder Jr, 2001; Herva et al., 2004; Joinson et al., 2013; Joinson et al., 2011; Jung, Shin & Kang, 2015; Lien, Haavet & Dalgard, 2010; Sequeira et al., 2017; Stice, Presnell & Bearman, 2001; Trépanier et al., 2013) . A recent Mendelian randomization study suggested a potential causal effect of early menarche and depressive symptoms at age 14 (Sequeira et al., 2017) . However, several limitations exist in these studies. First, many previous studies were school-based and suffered from substantial selection and attrition bias (Galvao et al., 2014) . Second, most studies focused on adolescence and have a short follow-up time. It is possible that the association between early menarche and depression will be different as the participants get older. Contradictory findings were observed among the few population-based studies that have examined depression among adults. Mendle, Ryan & McKone (2017) found that earlier ages at menarche were associated with higher rates of depressive symptoms in early-middle adulthood, while no significant association was observed in two other studies (Herva et al., 2004; Opoliner et al., 2014) . In addition, inverse association was found in another study which focused on postmenopausal women in Korea (Jung, Shin & Kang, 2015) .
Given the inconsistent results between the timing of menarche and depressive symptoms in adulthood and other limitations of the previous studies, further studies on the association between age at menarche and depression in a broad age range are warranted. The aim of this study is to use the 2005-2016 National Health and Nutrition Examination Survey (NHANES) data to examine whether age at menarche is associated with depressive symptoms in a nationally representative sample of US women aged 18 years and older.
MATERIALS AND METHODS

Study population
The NHANES is a nationally representative cross-sectional survey that collects information among non-institutionalized civilian US citizens. NHANES are conducted on a continuous basis with data releases every 2 years since 1999. The survey employs a multi-stage probabilistic design to collect a wide range of health information through household interviews and physical examinations. In this study, we included 18,002 women aged 18 years and older who responded to the reproductive health question on the age of menarche at the Mobile Examination Center (MEC) from NHANES 2005-2016. Among them, women who had missing information on age of menarche (n = 2,177) were excluded. Current depressive symptoms were assessed using a nine-item screening instrument among all women aged 18 years and older, and we further excluded women with missing data on depression screening (n = 151), which left us with a total sample size of 15,674.
Outcome assessment
Depressive symptoms was assessed by the Patient Health Questionnaire (PHQ-9), which is a nine-item screening instrument on depressive symptoms in the past 2 weeks with scores ranging from 0 to 3 for each item (0: not at all, 1: several days, 2: more than half the days, 3: nearly every day) and has an excellent reliability (Cronbach's α over 0.85) (Kroenke, Spitzer & Williams, 2001 ). The total score was based on the sum of points ranging from 0 to 27. Participants were asked ''over the last two weeks, how often have you been bothered by the following problems''. The nine diagnostic items include ''having little interest or pleasure in doing things'', ''feeling down, depressed, or hopeless'', ''trouble in sleeping or sleeping too much'', ''feeling tired or having little energy'', ''poor appetite or overeating'', ''feeling bad about yourself'', ''trouble in concentrating on things'', ''moving or speaking slowly or too fast'', and ''thoughts that you would be better off dead or of hurting yourself''. Participants were categorized as having depression (PHQ-9 scores ≥ 10) or no depression (PHQ-9 scores < 10) using a cut-point of 10 ( Kroenke & Spitzer, 2002; Manea, Gilbody & McMillan, 2012) .
Age at Menarche
Age at menarche was assessed during the MEC interview. Women were asked ''how old were you when first menstrual period occurred?'' We categorized women into three groups based on their age at menarche (Boden, Fergusson & Horwood, 2011; Herva et al., 2004; Joinson et al., 2013; Joinson et al., 2011; Shen et al., 2017; Stice, Presnell & Bearman, 2001) : the early menarche group (<12 years old), the normal menarche group (12-13 years old), and the late menarche group (≥14 years old). We also treated age at menarche as a continuous variable in the analyses.
Covariates
A number of potential confounders were included in this analysis based on previous literature and availability of data in the NHANES: (a) demographic and socioeconomic status including age (<30, 30-39, 40-49, 50-59, 60-69 , ≥70 years old, or missing), race/ethnicity (non-Hispanic white, non-Hispanic black, or Hispanic and others), education (<high school, high school, >high school, or missing), poverty income ratio (PIR; <1.0, 1.0-2.0, ≥2.0, or missing), marital status (married, not married, or missing), (b) smoking status (current smoker, former smoker, non-smoker, or missing), (c) body mass index (BMI) (<18.5, 18.5-25.0, 25.0-30.0, 30.0-35.0, ≥35.0, or missing), and (d) regular periods in the past year (yes, no, or missing).
Statistical analysis
Descriptive analyses were performed to assess the distribution of participants' demographic and socioeconomic status and characteristics between women with and without depression. Logistic regression models were used to explore the associations between age at menarche and depression, and odds ratios (ORs) and 95% confidence intervals (CIs) were obtained. We used a crude-adjusted model controlling for age, race/ethnicity, education, PIR and marital status, and a fully-adjusted model additionally controlling for smoking status, BMI, and regular periods in the past year. To account for the potential concerns that retrospective report of age of menarche may be less reliable for older women and older women may have greater emotion regulation (Carstensen, Fung & Charles, 2003) , we also examined whether potential interaction exists between age and the timing of menarche. To ensure the correct estimation of sampling error, the sample weights, stratification and clustering design variables were accounted for in the analyses. Following the NHANES analytic and reporting guidelines, a twelve-year MEC subsample weight was calculated for the combined data of 2005-2016 by assigning one-sixth of the subsample weight for each 2-year data cycle. To account for the potential bias created by including participants with non-missing information on age at menarche and current depressive symptoms, we conducted multiple imputations for all missing data using chained equations. All covariates as well as exposure and outcome variables were included in the imputation process, and 50 imputed data sets were generated. All statistical analyses were conducted using the survey package in R 3.4.4. The study has been approved by the Institutional Review Board at University of Florida (IRB201900509). Table 1 shows the characteristics of women by current depressive symptoms. Women with current depressive symptoms were more likely to be current smokers (38.3% vs 15.6%), with BMI ≥35.0 (29.3% vs 17.9%) and had early age of menarche (27.5% vs 19.9%) than those without current depressive symptoms. Women with current depressive symptoms were also more likely to be un-married (62.5% vs 44.4%) and to have less than high school (27.0% vs 15.0%) or high school level education (25.4% vs 21.8%) and PIR levels <1.0 (30.0% vs 13.0%) or 1.0-2.0 (27.4% vs 19.2%). Women without current depressive symptoms were more likely to be 70 years and older (13.5% vs 8.4%) and have a normal BMI (33.2% vs 21.4%) compared with those with current depressive symptoms. Table 2 provides the unadjusted, crude-adjusted and fully-adjusted ORs from the logistic regression models assessing the associations between age at menarche and current depressive symptoms (Tables S1 and S2 shows the ORs and 95% CIs for covariates). After controlling for age, race/ethnicity, education, PIR and marital status, the crude-adjusted model showed that women with early age at menarche had 1.36 (95% CI [1.16-1.61]) times the odds of current depressive symptoms compared with the normal menarche group. However, no significant difference was observed between the late menarche group and the normal group. Consistent results were also found in the fully-adjusted model after additionally adjusting for smoking status, BMI, and regular periods in the past year. Compared with women who had normal menarche age, women with early menarche had 1.25 (95% CI [1.05-1.48]) times the odds of current depressive symptoms, while no significant difference was observed between the normal and late menarche groups. When treated as a continuous variable, each 1-year decrease in age of menarche is associated with a significant increase in the odds of current depressive symptoms (adjusted OR: 1.05, 95% CI [1.01-1.09]). No significant interaction between age at menarche and age at interview was found. Consistent results were observed from the multiple imputations as shown in Table S3 .
RESULTS
DISCUSSION
Using a nationally representative sample of the US population, we found that early menarche is associated with current depressive symptoms. The observed association persisted after adjusting for potential confounders such as age, race/ethnicity, education, PIR, marital status, smoking status and BMI. The results observed in this study are consistent with several previous studies. Multiple studies have shown that early age at menarche or early pubertal timing is associated with an increased risk of depression in adolescent girls (Alcalá-Herrera & Marván, 2014; Boden, Fergusson & Horwood, 2011; Galvao et al., 2014; Ge, Conger & Elder Jr, 2001; Joinson et al., 2011; Lien, Haavet & Dalgard, 2010; NolenHoeksema & Girgus, 1994; Patton et al., 1996; Stice, Presnell & Bearman, 2001; Trépanier et al., 2013) . Tondo et al. (2017) found the association between age at menarche and age at onset of depression. Mendle, Ryan & McKone (2017) also found that early menarche was associated with an increased risk of depressive symptoms and antisocial behavior in early to middle adulthood. However, this is the first study to find a significant relationship between early menarche and depressive symptoms in adulthood with a broad age range using a nationally representative sample (NHANES 2005 (NHANES -2016 . These findings support the hypothesis that early menarche could be used as one of the markers to identify adolescents who have a higher risk of developing depressive symptoms in the future. Hormonal, neurocognitive and psychosocial factors could be reasons for this association. The onset of puberty increases hormonal levels which results in a rapid fluctuation in the estrogen production in a woman's body. The inability to adapt to these rapid changes could make women susceptible to depression (Sequeira et al., 2017) . Further, inconsistency between levels of biological and cognitive maturation, and feeling 'different' than one's peers, may also cause psychological distress and depressive symptoms during early adolescent years (Holder & Blaustein, 2014) . Although there are accumulating evidences supporting the assertion that early menarche is a risk factor for psychopathology among adolescent girls, the mechanisms underlying the gender-related differences in puberty age and onset of depressive symptoms are still unclear in adulthood. For instance, a recent study from the UK reported that while early menarche had elevated the risk of depression among early to middle adolescence, there was no association observed between the timing of menarche and depressive symptoms in later adolescence and young adulthood (Joinson et al., 2013) . Similarly, in the Nurses' Health Study II, (Opoliner et al., 2014) there was no association found between early or late menarche and depressive symptoms in young adulthood. Several limitations in these previous studies may have led to inconsistent findings. These contradictions could be due to the use of different types of instruments to assess depression in these studies. Secondly, none of these studies used population-representative samples. For example, most of the women included in the Nurse's Health Study were non-Hispanic White, which may lead to substantial selection bias and thus the results may not be generalizable to the total population. This study has several strengths. The NHANES data provided us with a unique opportunity to study the association between age at menarche and depressive symptoms in a large multiethnic, nationally representative sample of the US population. In addition, we were also able to adjust for a wide range of potential confounders such as sociodemographic characteristics, BMI, and cigarette smoking to assess the true association between age at menarche and depressive symptoms. There are several limitations need to be noted. First, the self-reported information of age at menarche may introduce potential misclassification bias. However, this is likely to be a non-differential bias, which will bias the findings to null. Second, age at menarche is only one variable that reflects the timing of puberty. Future studies with more information on the timing and tempo of pubertal development are needed. Third, the dataset did not include information on potential confounders such as the family history of depression. Furthermore, we relied on a screening measure of depression which only assessed depressive symptoms in the past two weeks, and past histories of depressive episodes or clinical diagnoses of depression are not available. Future studies with longitudinal data on history of recurrent depressive episodes are warranted to further confirm the findings.
CONCLUSIONS
In a nationally representative sample of US adults, early menarche was found to be associated with current depressive symptoms (assessed using the PHQ-9) after adjusting for confounding factors, such as age, race/ethnicity, education, poverty income ratio, marital status, cigarette smoking, and BMI. Further studies are warranted to determine the causal relationship and mechanisms between early menarche and increased risk of depression.
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